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B/ 0 TR A R S AR A5 31 T 22 i 5 ke 2 3 B M R
N2, NC-ZH N2 NY, NG, 3, 5-Ffilf -2, 4, 6-= 4 Jit
MERE (NNDP) . R A R L4 8 B 2050 64 2508
4 B BRI X 5 4 PR AR AT 5 S XA B ) NNDP 17
T 45K FAEAELAL M B IR JF ) EXPLOS R b A
Y1 NINDP 1) 5 22 M e 1E A7 T, K & 2 il Bk e 28 %
RE AL B & 5 0 AR 2%

1 SCIG#ERS

1.1 KFENEE

R 2, 5- A -4- 2 R E , 2 F (ACN) , & HH A
R, W BR , PO VA TR (40%) , HOBE, = 9 & R IEF
(TFAA) , BR T %2 J A 18 0 o i 2 20 JHE A% 0300 2 2R 1l B
B 25 4 P A2 R A BRA R L Bl VR BRRR L % i

NH, NH,
ﬂ/‘\\l KNO, O,N- /l:\\ NO, ~—NH,
P stoa ﬂ A
a NG o N7

Scheme 1 Synthetic route of compound NNDP

1.3 SLIiI#E
1.3.1 2,6-ZK-4-85E-3,5- TR EMIE (1)

2, 6- 4 -4- 2 N E(1.63 g, 10.00 mmol) 7
F T T 20 mLW BRI 3B E 0 “CHE+E T 4041t
AT B4 (3.04 g,30.0 mmol) . fFEREE G %
I Wy AR 3 50 °C, FE IR E T R 4 ho R4
JE LA VKoK 4255 0 A ik K R % R R &= IR
TR LR 2, 6- T 42 -3, 5 T A ke (]
1), N EEEARGEE.1.91 g, 7% .76.2%) , &5,
3 3ok AE 3 o A R R AT A, A 96% .
'"H NMR(DMSO-d,, 500 MHz)§:8.50(s,H,—NH);
“C NMR (DMSO-d,, 125 MHz) 8: 142.4, 141.0,
132.0;IR(ATR,»/cm™) : 3441, 3401, 3341, 3295,
1621, 1608, 1525, 1465, 1355, 1254, 1211,
1131, 969, 891, 832 cm™'. Elemental analysis:
anal. calcd for C,H,CI,N,O,: C 23.74, H 0.80, N
22.14; found C 22.71, H 0.86, N 22.09.

1.3.2 2,6-"HfE-4-8&-3,5-Z“wEMIE(2)

W1l K 1(0.18 g, 0.7 mmol) ¥ T 20 mL HI
hOEEEER FHEA 018 mL 25% H IR W . #
L AEERBEFE 30 min 5 K N IR AW v, 4
KRN BE BRI RS TR 3 2, 6-Z W fie-4-20 3E-3,
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ON-. “I/L\\ ~NO,

1% R W T 1 Al a0 e A PR A |, Tl b, 2 R
F98%.

I %% . Avance T 500MH # % 3t Jg 4% , 14 [
Bruker 2z i) ; Nicolet 1S-10 % {8 B 25 o 2T S S35 4L,
4[5 Thermo Scientific /A #l ; VarioEL Il 7 2 43 #T4%,
4 [F Elemantar 23 7] ; DSC 823e 22 /8 1 i & #4L ;
Micromeritics AccuPyc 11 1345 FL25 % B4 .

1.2 SREE

N NC-Z NP NY NG, 3L, 5- T i 36-2, 4, 6-—
FHENEKE (NNDP) 133 & iU 4 W Scheme 1 7R .
PL2,6-&-4-Z Ik uE A E R, 7E KNOL/H,SO, 1Y i
b & rhomg A A 2 R 1, PSR e I R AT B
S i) £ A5 B v R A 2, B SR T R 2 7E TFAA/ K R
HNO, i 1 16 7K & v i 17 w8 k15 3 H itk & 9
NNDP,

NH, HN-NO,
ON-___no,

fuming HNO,
O,N. | J

TFAA

L

5- T f KL A mE (o AR 2) R IR EE LR (7R
0.16 g, /™ #£:95.3%) , & Jo , i 1o A € 3 X H: 4 37
PEAT TR, H 4l B R 92%. 'H NMR (DMSO-d,,
500 MHz) 8: 9.78 (d, 2H, 2—NH) , 9.60 (s, 1H,
—NH,),9.36(s, TH,—NH,),3.10(d,6H,2—CH,);
"“C NMR (DMSO-d,, 125 MHz) §: 162.2, 160.1,
151.3,28.81;IR(ATR,v/cm™) : 3407, 3331, 3292,
2952, 1606, 1584, 1541, 1503, 1411, 1306, 1248,
1213,1103,852,783 cm™, Elemental analysis: anal.
caled for C,H,,N,O,: C 34.71, H 4.16, N 34.70;
found C 34.68, H 4.21, N 34.61,

1.3.3 N, N“-Z B E-N, N*, N*, 3,5-F 7 &-2, 4,

6-= S E M AE (NNDP)

TEVKER R PERE T 18 7 mL 9 TFAA R AN 3 mL iy
KA R . SR)G ik 2(0.51 g,2.11 mmol) & 18
IR R b, URL 58 B R S I g T R E R
TEZE R 0.5 h 5, F Sy i3 A vkoK v, 4256 2o
VRV B R AR T B (R EE - 2R 4 BE=20:1)
PEAT Al Al 75 3 0 [ AR N NC- TR RN NY NG, 3,
S5-TihH5E-2, 4, 6- = Z HEMLE (NNDP) (7~ #:0.38 g,
FREE49.0% ), e S O YRR €83 X I A RE HEAT TR
W, H4l B 98%. '"H NMR(DMSO-d,, 500 MHz)
S Xt
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8: 6.89 (s, 2H, —NH,), 3.55 (s, 6H,2—CH,) ;
“C NMR (DMSO-d,, 125 MHz) §: 148.3, 136.3,
120.0, 30.9; IR(ATR, »/cm™'): 3586, 3436, 2957,
1606, 1565, 1545, 1531, 1471, 1447, 1351,
1306, 1282, 1248, 1190, 1153, 1031, 992, 942,
897, 830, 791 cm™'. Elemental analysis: anal.
calcd for C,H,N,O,,: C 22.29, H 1.87, N 33.42;
found C 22.23, H 1.95, N 33.49,

1.4 5K

B SR A5 RN K A NNDP % T 25 (ACN)
oL UEJE BOK 29 2 mL W R T v 0 N BB
TR T EEERER,3 d515 2 %8 6% IR
NNDP-ACN. HI 5 S A7 X 0.22 mmXx0.20 mmx
0.12 mm A S AR 24T 2540 5347 -

PR Rt A 22 7R 93 B (DSCO M e fb &
PINNDP I AT R BAA (L 30 mL-min™),
Jn#GEZ A 10 °C-min™', 5L EF R 30~400 °C.

PERETT 3 - 38 F % 2 s BEIS TP A B3LYP 3k 4"
XFAL A W) NNDP 1 A= B8 47 338 155 5 32 FH EXP-
LO5(V6.05.04) # A X5 4k & %) NNDP (1) £ 3 1 5 e
PEATHIE T

JRR R I < 422 R BAM IR o>, AE A L 3 4%
f : 25 1 (30+1) mg, ¥4 R it & 2 kg, A B35 10~
35 °C, X E A KT 80% F, KL A9 NNDP #y
i o R R B R

2 #HR5WiE

21 AHEHSH

&Y MR R A 32.2%, it — LR
A W 07 Rk SR 2% A (B IO 3 B2 ) e T
L P A FRORIVGNS TR 40 P 88 ) (R AT P 90, AN ] B 4% Ak

R3O OUWARIR AN 7 A B

WP RE R NF 1 ~4 TR . A, i 6451k
AW NNDP [ i Ak 45 1 347 T 0 3% .

TSR B S [R] R AT BE B, 7E R EE (25 °C) |
B B2 AR FR (10 mL) F1i 2 #7 FH £ (30.0 mmol, 3.04 g)
PREFFAASES B 5T T AN s B B (2,4,6,8 F110 h)
TAEW R AR S RN s, ol LUk BLRE
& SN B[] A S A 77 2R 5 S 4 R P TP 22 I A R
NEEFE] R 6 ho

B J5 o, 7E 2 B N B ] 6 h. 10 mL 6 @R A
30.0 mmol, 3.04 g i FR #1 19 45 14~ , BF 5% )= I I B
(25,40,50,60 CH1 70 C) X =W s2mi, &2 0]
PLE 1,60 °CZ i ™ 22 bl 3 W B2 09 Fh i3 o, >4 i
FETE 2 60 CHE ™= F i, R 47.7% (B B — 2L Tt
1 E] 70 °C, H = R ug A TR

SRIG A6 R I a] (6 h) 5 i B (60 °C ) Fil iR
B #(30.0 mmol, 3.04 g) RAE R B LT, A
WRIAFL(5,10,15,20,25 F1 30 mL) XF{L& 4 1 Ik
SRS Z5 AN 3 PR Y BRI FRN 5 mLR T &
20 mL AT, 7= R 47% B B2 TH 2 70.1% , K 6 R 1A R

e I FA AL REIPOpRSE /L &AL

Table 1 The impact of reaction time on product yield
reaction yield with different reaction
m(KNO,) V(H,50,)
temperature time/%
/8 / mL
/C 2 4 6 8 10
3.04 25 10 26.5 32.2 38.6 37.9 38.5

R2 IR X PR R

Table 2 The impact of reaction temperature on product yield

yield with different

m(KNO,) reaction V(H,SO,) .

reaction temperature/%
/g time/h /mL

25 40 50 60 70
3.04 6 10 38.8 41.6 45.7 47.7 43.2

Table 3 The effect of concentrated sulfuric acid volume on product yield

yield with different volume of H,50,/ %

m(KNO,) / g

reaction time / h  reaction temperature / °C

10 15 20 25 30

3.04 6 60 23.8

47.7 59.1 70.1 70.8 70.3

Ra GEEREN T X AR R

Table 4 The effect of potassium nitrate amount on product yield

Yield with different amount of KNO,/ %

V(H,50,) / mL

reaction time / h  reaction temperature / °C

2.02 2.53 3.04 3.55 4.05 5.07
20 6 60 31.2 57.4 71.1 76.2 76.8 76.4
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A ST 30 mL AL G W1 R T
e B 2 1) B A A 20 miLs

S5 L AR ORI (6 h) (R i (60 °C) FlBL iR
AL(20 mL) AZE & B R, 5 52 A Al KNO, A &
(2.02(20.0 mmol),2.53(25.0 mmol),3.04(30.0 mmol),
3.55(35.0 mmol),4.05(40.0 mmoD)F15.07(50.0 mmol)g)
XAEE Y1 R, 25 R NER 4 s . 2 KNO, Y
FHAE M 2.02 g #8272 3.55 giih, = H ik 31.2% £ 7H =
76.2% , 24 KNO, H & F+ & 4.05 g it , b &9 1 11k
i TEZ2, Fr L KNO, B et i 3.55 g

gi b, e AR R R A N AR Ol R R B

NH,

ON\//‘QV/NO NH

. /‘\ g _HZO ON\/ ‘-\I NO

e —— e

" ’/ : - NO
|“/O ;

HO-N; HO- N
0 ‘0

Scheme 2 The reaction mechanism of compound NNDP

2.2 BELEHRSH
b4 ¥ NNDP-ACN (1) fi i 25 46  FE L4 40 B4R
FHE  Hirshfeld 2 1 1 2D 4§ 80 A K i 1) A A
FH EC A1 B an &1 B, AR AR NNDP-ACN 1) & B A
HEE A UL 5, 5 K NNDP-ACN 1 38 4 8 K &
W6,
1k & ¥ NNDP-ACN 1) & i 77 16 3 & i
(BE1.%£5):—&—NHEMHZ) S5 i NC10)
FE I N(7)—H(7)-N(10), H5 K 2.824(7)A,
S 14105 3 AN Rl AR B S AR R H(6B . 7C) 5
i EO(4) . OB C(6)—H(6B)-O(4) .
C(7)—H(7C)--OC1), B Km0 5 H 3.217(5) A,
3.236(5)A 1 160°.124°, MIE 1e FIE 11 J5 T[] A
AR AT Rk B, H—O gt 55 40 AR FH A4 5Tk
K, H51.9%. WM T X4 L2 fl & 0 AF 7E 1
NNDP-ACN 43 Hi fif 43 A7 57 2 $55) , A) DL R AR %
A5 B JE R A BE 5 R g X T RDX A
HMX.
% 61L& NNDP-ACN (13 50 Ak 27 K 7
Sy BT AT AR BR b B B A4 B K M 1.383 ~ 1.396 A,
i F C—C ¥k (1.540 A)Fl C—=C Xk (1.340 A) =
|aj C—N K 1.319 A #1 1.326 A, /¥ T C—N &
(1.47 A)FI C=N Wk (1.28 A)Z (0], F WL nEEf
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60 °C . [ W B [H] 6 h 5 82 A FL 20 mL # KNO, ] &
3.55 g, M R , o 76.2%.
RIS A A AR 45 5 38 3k s Ak B R 5 Ak Ry
it Jie S A7 25 9, i kB 2R P LA AR SR 0 W L AR
AR e 5% bk il e e A A2 0 . SR HNO,L/Ac,O L &
HNO,/98% H,SO,.H,SO,/KNO, % JL F i fk & % Xt
A 2 AT RS AL AR TCIE AR B B AR =4 . B Al
S A RS AL IR R =9 S R I (TFAA) /& HH HN O, Xtk &
Yy 2 1 F R ST AL A5 30 T H AR S NNDP, IR

H54.9% . DAL ZAE AR R LK 4507 19 & RS 1k
il F(Scheme 2) .
o
HO ;Nf
/ 0
NH2 _NO
e HN :
~H,0 ON ﬂ ~~NO, -H,0 ON /JN _NO,
NO,  NO, N"NTON
NO, NO,

JRFH T A ESEERE, AR TSEmmfaet.
Sh R FEPRN—O K AR K 2ER, AF o
B 0T it e v N—O S i S A — 5 B9 52 MR, 491 4n
N(6)—O(3) N(8)—O(5)HIN(9)—O(8) 1K N
1.206 A.1.206 AF11.201 A,N(6)—O(4) N(8)—O(6)
FIN(O)—O(7) K 1.213 A 1.27 AfI11.219 A,
X FEIE N iz B YR A2 A, 32 B
A7 i 35 A e S5 1) 52 ), £ A5 A L BRI 0 R s A
TR B, DT A R — il 3 R N—O A B K X
Ko HeAh, BT N—O 5 J7 1] 1 A [, Al 75 ] — g ik
TR N—O R A7 25 5 .
2.3 HBEER

K DSC 1 TG X4k A1 NNDP 1) 344> fif v BE 1F
frrmak, g RwmE 20, WE 2] LA H
NNDP 77 £ — 1~ 5 14 i FA 0 %%I)Ltﬂ~/\'ﬁ%iﬁ_€ﬂ0%
fift PG AR ﬁﬁ?ﬁéﬁ#iﬁ S 124.6 °C W {f
S 124.9 °C il 2 i 26 U4 H 5515 24k 5 %) NNDP 1
W Ry 1041 J-g7s B TG £k W AT, NNDP 1E
126.1 CIH A il & A= e 1, 0 HoOR A KR (0 IR 5
DSC 1 £& v i 80 G 53 e Tk 2 A — 3
24 BEMESBEENST

Bk — A 43 W Ak A ) NNDP 9 48 3% 1 BB ’ﬁﬁ
EXPLOS A1 5545 5 7 NNDP #9398 1 % M 6
At
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N2 NC-Z R RN NN, 3, 5T il -2, 4, 6-= 0Kk I e 1 o A % Tk ik 5

0.1 01 ' 0.4

C-H C-N C-0 H-H H-N H-O N-N N-O 0-0
bond distribution histogram

1 LAY NNDP-ACN S RSG5 B (a) b (AU S (boo) AR SEH A0 B AR 207 (d) . (e)NNDP - ACN ) Hirshfeld 2 i 1

2D $i& S AN () J5t 1 ) A A S L A7)

Fig.1 Crystal structure (a), crystal packing (b.c), non-covalent interaction analysis (d), (e) Hirshfeld surface and 2D finger-

print plots of NNDP+ACN and (f) individual atomic contacts percentage contribution of NNDP-ACN

£5 (LAY NNDP-ACN SHERHE K Fi A F6 LG NNDP-ACN MY or b2 S i £y
Table 5 Hydrogen bonds lengths and angles of compound Table 6 Selected bond lengths and bond angles of com-
2-DMF pound NNDP-ACN
d(D—H) d(H--A) d(D—A) £(DHA) bond lengths bond angle
D—H---A . . . bond . bond
/A /A /A /(°) /A /(®)
N(7)—H(7)--N(10) 0.8600  2.1000  2.824(7) 141.00 C(1)—C(2) 1.396(5) C1—N1—C5 119.9(3)
C(6)—H(6B)---O(4) 0.9600  2.3000  3.217(5) 160.00 C(2)—C(3) 1.390(5) N3—N2—C5 116.3(2)
C(7)—H(7C)---O(1) 0.9600  2.6000  3.236(5) 124.00 C(3)—C(4) 1.383(4) N3—N2—C6 115.4(3)
C(4)—C(5) 1.391(4) C5—N2—Cb 121.2(3)
Frias Ry TR 7, C(H—N(1)  1.319(4) 01—N3—02  125.7(3)
i3 7 A5, AL & NNDP Ry 1.88 g-cm’3, C(5)—NI(1) 1.326(4) O1—N3—N2 117.0(3)
T 2 0 77 1E Ak 48 NINDP JE BR H 4 5 9 4 N(6)—O(3) 1.205(4) 02—N3—N2 117.4(3)
- . b bl 2 N(6)—0(4) 1.213(4) N5—N4—C1 118.2(3)
Fr it (75.84%)  BAT 5 ROX A A AR S YERE. o T N(8)—O(5)  1.204(4) N5—N4—C7  117.9(3)
A N—fif 55 W20 E se A v I R W fE7E |, [ 75 NNDP N(8)—0(6)  1.218(4) C1—N4—C7  122.1(3)
P A S 5 O e T 5 R AR, AN sE e R . S T IB N(9)—O(8)  1.201(4) 09—N5—010 125.7(4)
KA R R B R A T2 e B NGO 1219 cimeer G 119203
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—DSC 110
— 16 100

exo

heat flow / mW-mg”

— ]
1246 °C  — 10
0 100 200 300 400 500
temperature / °C
2 LAY NNDP ) DSC#I TG i £k
Fig.2 DSC and TG curves of compound NNDP

R7 LAY NNDP 5 H A BER kLR AL P REXT LL

Table 7 Comparison of physiochemical properties between

compound NNDP and other energetic materials

AH, T D p IS Fs

compound _ . -
/g-cm™ /klemol" /°C  /m-s" /GPa /) /N

NNDP 1.88 286.99 124.6 8762 345 7.7 180
RDX!2% 1.82 70.30 204.0 8795 326 7.5 120
HMX 2 1.91 74.00 287.0 9144 39.0 7.4 120

Note: p is density measured using a gas pycnometer at 25 °C. AH, is calculat-

ed heat of formation. T, is thermal decomposition temperature deter-

mined by DSC exothermal peak at 10 °C-min™'. D is calculated deto-

nation velocity. p is calculated detonation pressure. IS is impact sensi-

tivity. FS is friction sensitivity.

o FH 2K A HY e 5 W, DT R AR B AR AL S W B ik
ORI R R R RE

B4R, il i BAM Bk 75 HR 50 F1 BAM FEE #2050,
SR AL A ) NNDP i 7 8% 52 (1) FEE 488 2% B2 (FS) ik
For M, 5 F W, 4k & 9 NNDP 2% B &2 i A9 LA
TP (1S=7.7 ), FS=180 N) , iX J& K 0 £ fiff 2 1 77 78
A5 B Re A Z ) (4 % 3 38, T BE IR T NNDP 1y 2
FEME . AN, B R A T DL AE SUHE B O o HE A
(K1), 2532 3050 Iy e o i, W] DL 2 2 8] 3 20 ok H) 4
— g vhit 1, A G BRI T RDX A HMX B8R EE

3 &k

(LA 2, 6- 5 -4-5 Kb e oy JFORE, 4R K 28 5L il
b ORI £ 55 S5 R i 8 T 22 i 35 R il e 3 A D3 [
T 5 B 0 E 28 = RE AL A W NNDP. 78 2238 T 2 Fh i
TR &5, & B TREAA/ % MR 12 f Ak 4 3= T DA B D)
S0 A6 NI Bk AT 2B, TR B s 4 5 0 1) 4
Lt T B A B FE AT

(2) 1346 & NNDP-ACN J& T B AL &, P2,/c
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B FE BT 445 T, a=16.3215(17) A,
b=7.9819(8) A,c=13.1954(13) A, v=1712.3(3) A’,
a=90(6)°,8=95.093(3)°,y=90(7)°; £ 296 K} E A
1.623 g-cm” B AR E . g5 rh Al UL, T
MW I TP A2 7E 22 A 2 A5 2 22 E) A 8K, A
1M A T NNDP i #Ra sE PE | ] i £ 8% 5 RDX
FHY
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Synthesis and Properties of N>, N°-Dimethyl-N*, N*, N°, 3, 5-Pentanitro-2,4,6-Pyridinetriamine

ZHANG Rong-zheng, LU Ming, XU Yuan-gang
(School of Chemical Engineering s Nanjing University of Science & Technology , Nanjing 210094, China)

Abstract: A pyridine energetic molecule, N°, N°*-dimethyl-N*, N*, N°, 3, 5-pentanitro-2, 4, 6-pyridinetriamine (NNDP), has been
synthesized in two steps from 4-amino-2,6-dichloropyridine. The process was found to be effective and simple. The structure of this
compound is characterized by 'H and C NMR, FT-IR and DSC. The crystal structure of this compound is characterized by X-ray
single crystal diffraction. Results shows that compound NNDP belongs to the monoclinic space group P 2,/c, a=16.3215(17) A,
b=7.9819(8) A, c=13.1954(13) A, v=1712.3(3) A’, a=90(6)°, B=95.093(3)°, y=90(7)°, Z=4. The presence of multiple ni-
tro and nitramine groups contributes to a low decomposition temperature. Its detonation performance was predicted using EXP-
LO5, and sensitivity testing was conducted using the BAM standard method.It was found that the detonation performance and im-
pact sensitivity of NNDP(D=8762 m+s™', p=34.5 GPa, IS=7.7 ]) are comparable to those of RDX.
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A novel high-explosive material NNDP, which incorporates multiple nitro groups into a pyridine molecule, was synthesized.
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